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Abstract

Obijective: Knowledge about the internal anatomy of the root canal and apical foramen is a critical
prerequisite for root canal therapy and is necessary for the success of endodontic treatment. This
study aimed to determine the distance of apical foramen from the anatomical apex and apical
constriction, evaluate the deviation of apical foramen from the anatomical apex and specify the most
common canal types in maxillary premolar teeth using stereomicroscope.

Methods: In this laboratory experimental study, 100 extracted first and second maxillary premolars
of patients presenting to dental clinics in Tehran were selected. After the disinfection of roots and
access cavity preparation, apical foramen deviation and its distance from the anatomical apex were
determined by introducing a #10 hand file into the canal and observation under stereomicroscope;
2% methylene blue was then injected into the canals and demineralization and clearing process were
carried out to measure the distance of apical foramen from the apical constriction and evaluate the
canal type.

Results: The mean distance of apical foramen from the anatomical apex and apical constriction was
0.4-0.5 and 0.5-0.7 mm, respectively in maxillary first premolars and 0.3-0.7 and 0.6-1 mm,
respectively in maxillary second premolars. In less than 17% of first premolars and 37% of second
premolars, the canal followed a straight path to the anatomical apex without any deviation towards
the mesiodistal or buccolingual directions. The most common canal type according to Vertucci’s
classification was type IV in the first and type I in the second premolars. In general, 94% (n=47) of
the first premolars and 46% (n=23) of the second premolars had 2 canals while the remaining teeth
had a single canal.

Conclusion: This study showed that the apical foramen in premolar teeth is located at a 0.3-0.7 mm
distance from the anatomical apex and 0.5-1 mm distance from the apical constriction. In more than
83% of first premolars and 63% of second premolars the apical foramen did not correspond to the
anatomical apex. First and second premolars had 2 canals in 94% and 46% of cases, respectively.
Key words: Anatomical apex, Apical constriction, Apical foramen, Canal deviation, Canal type, ,
Clearing process, Premolar.
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Introduction:

Before starting root canal therapy, the clinician
needs to have sufficient knowledge about tooth
morphology. Numerous in-vitro studies have
evaluated root canal morphology through direct
observation with the use of dye, sectioning,
scanning or 3D assessment using computer

programs. The results of these studies and use of
new equipment such as dental microscope when
preparing the access cavity can all decrease the
odds of not finding an extra canal during
endodontic therapy (1).

Root anatomy at the apical region has three
anatomical and histological landmarks: apical
constriction, cementodentinal junction and
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apical foramen. Apical constriction is defined as
a part of root canal with the smallest diameter. It
is also considered a reference point for apical
termination  of  root canal  treatment.
Cementodentinal junction is a part of root canal
where cementum reaches dentin. It indicates the
termination of pulp tissue and initiation of
periodontal tissue. This area is clinically
undetectable. Apical foramen is defined as the
circumference or rounded edge, like a funnel or
crater, that differentiates the termination of the
cemental canal from the root surface. It
represents the junction of the pulp and the
periodontal ligament. During root formation,
apical foramen is usually positioned at the
anatomical root end. However, along with tooth
development, apical foramen becomes smaller
and more distant from the center (2). Apical
foramen may be positioned at mesial, distal,
buccal or lingual of the anatomical apex (3).
Deviation of apical foramen from the apex
cannot be easily detected radiographically
especially when the deviation and opening are
on the buccal or lingual root surface (4).
Different studies have demonstrated that there is
usually a 0.5 to 3 mm distance between the
apical foramen and the anatomical apex and in
only 17-46% of cases the two  exactly
correspond (5).

This study aimed to assess the prevalence of
apical foramen deviation from the anatomical
apex at buccolingual and  mesiodistal
dimensions. It also measured the distances of
apical foramen from the apical constriction and
anatomical apex by stereomicroscope in an
Iranian population.
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Methods:

In this in-vitro experimental study, a total of 100
permanent maxillary first and second premolars
(n=50 for each) with mature apex and no or
minimal carious lesions were collected from
several dental clinics in Tehran during a one
year period. The teeth were stored in jars
containing 10% formalin  solution for
disinfection until the experiment. Age and
gender of patients and the reason of tooth
extraction were not specified. The teeth were
debrided from soft tissue or bony appendages
and calculus by scaling and polishing. Access
cavity was prepared using 008 fissure bur
(Tizkavan, Iran) and high speed hand piece
(Kavo, West, Germany). An endodontic explorer
was used to detect canal orifices (DG 16,
HuFreiday, Chicago, IL, USA). A #6 or # 8 K-
file (Dentsply Maillefer, Switzerland) was
introduced into the canal until observing the file
tip at the apical foramen. Specimens were then
fixed on a slide with play dough (Arya, Tehran,
Iran). The two variables of the distance of apical
foramen (where the file tip was observed) from
the anatomical apex and also the deviation
direction of apical foramen relative to the
anatomical apex from the proximal (to determine
buccal or palatal inclination) and buccolingual
aspects (to determine mesial or distal inclination
of the apical foramen) were measured using
stereomicroscope (SZX1LLB2, Olympus
Optical, Japan) at 16X magnification and 0.01
mm readability (Figure 1).

Figure 1- Evaluation of the direction of apical foramen deviation relative to the anatomical apex in premolar teeth
from the buccolingual aspect to determine mesial or distal inclination (A), from the proximal aspect to determine
buccal or palatal inclination (B) and without deviation (C) using stereomicroscope at 16X magnification
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For demineralization, specimens were immersed
in 5% nitric acid solution at room temperature
(20°C) for 6 days. The solution was stirred and
agitated 3-4 times a day and exchanged daily. In
order to ensure demineralization, tooth softening
was checked by inserting a sharp point explorer
into the tooth crown structure and also by
radiographic comparison with the control intact
tooth. After completion of the 6-day period and
ensuring the demineralization process, samples
were rinsed under running water for 4-6 hours.
The dehydration process was accomplished by
using 100° ethyl alcohol (Ararat, Tehran) for 2
hours. The dehydrated teeth were then cleared
after immersion in methyl salicylate (Merck,
Darmstadt, Germany) for 2 hours. All specimens
were stored in this solution until the experiment.
Apical foramen morphology of the teeth was
evaluated under stereomicroscope (SZX-1LLB2,
Olympus Optical, Japan) at 16x magnification
and 0.01 mm readability. The distance of apical
foramen center from the apical constriction was
measured using a stereomicroscope with a
micrometer. Type of canals was studied as well.
Prevalence and frequency of each morphological
parameter in specimens were determined and the
actual values were estimated with 95%
Confidence Interval. In order to achieve the
descriptive objectives of the study, descriptive
statistics including tables, central measures and
dispersion were applied.

Results:

Table 1 summarizes the prevalence and direction
of apical foramen deviation from the anatomical
apex in maxillary premolars.

In single canal maxillary first premolars, apical
foramen was deviated from the anatomical apex
in 100% of cases. This rate was 89.3% and
82.9% in buccal and palatal canals of maxillary
two-canal  first  premolars, respectively.

Prevalence of apical foramen deviation from the
anatomical apex was 62.9% in maxillary single-
canal second premolars. This rate was 86.9%
and 95.6% in buccal and palatal canals of two-
canal maxillary second premolars, respectively.
In general, in single-canal maxillary first
premolars, the most prevalent deviation was
towards the buccal and distal aspects; whereas,
in the buccal and palatal canals of two-canal
teeth the most common deviations were towards
the mesiolingual and distolingual aspects,
respectively (Table 1).

In single-canal maxillary second premolars the
apical foramen deviation from the anatomical
apex was mostly towards the mesiolingual
aspect while in two-canal teeth, the buccal canal
was mostly deviated towards the mesiobuccal
and mesiolingual and the palatal canal towards
the distolingual aspect (Table 1).

Based on the obtained results, the mean distance
of apical foramen from the anatomical apex and
apical constriction was 0.4-0.5 and 0.5-0.7 mm
in the first maxillary premolars and 0.3-0.7 and
0.6-1 mm in the second maxillary premolars,
respectively (Table 2).

Morphological evaluation of canals revealed that
maxillary first premolars had 2 canals in 94% of
cases (n=47) and a single canal in 6% (n=3) of
cases. These rates were 46% (n=23) and 54%
(n=27) in maxillary second premolars,
respectively. The most common canal types
according to Vertucci’s classification (7) in
maxillary first premolars were type IV (n=35)
with 70% prevalence, type Il (n=12) with 24%
prevalence and type | (n=3) with 6% prevalence
rate. In maxillary second premolars, the most
frequent canal types were type | (n=27) with
54% prevalence, type Il (n=9) with 18%
prevalence and type IV (n=14) with 28%
prevalence rate. Other canal types were not
observed.
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Table 1- Prevalence and direction of apical foramen deviation from the anatomical apex at mesiodistal and
buccolingual aspects in maxillary premolars

First premolar

Second premolar

Single Single
canal Two canals (94%0) canal Two canals (46%)
(6%0) (54%)
Buccal Palatal Buccal Palatal
canal canal canal canal
Deviation of apical foramen Buccal 66.7% 36.2% 2.9% 25% 28.6% 14.3%
from the apex at the Lingual 33.3% 38.3% 71.4% 27.8% 28.6% 71.4%
mesiodistal aspect No deviation 0% 25.5% 25.7% 47.2% 42.8% 14.3%
Mesial 0% 44.7% 22.9% 36.1% 35.7% 35.7%
Deviation of apical foramen Distal 100% 36.2% 48.6% 22.2% 28.6% 50%
from the apex at the
buccolingual aspect No deviation 0% 19.1% 28.5% 41.7% 35.7% 14.3%
Deviation of apical foramen
{from the apex at the 100% 89.3% 82.9% 62.9%  86.9% 95.6%
mesiodistal and buccolingual
aspects
Apical foramen without
deviation from the apex at the
mesiodistal and buccolingual 0% 10.6% 17% 37% 13% 4.3%
aspects

Table 2- The mean and SD value of the distance of apical foramen from the anatomical apex and apical
constriction in maxillary premolars in mm

First premolar

Second premolar

Single Single
canal Two canals (n=47) canal Two canals (n=23)
(n=3) (n=27)
Buccal Palatal Buccal Palatal
canal canal canal canal
The mean distance of apical
foramen from the anatomical 0.5 (0.4) 0.4 (0.3) 0.5(0.4) 0.3(0.2) 0.7 (0.5) 0.6 (0.3)
apex
The mean distance of apical
constriction from the apical 0.7 (0.4) 0.5(0.2) 0.5(0.4) 0.6 (0.2) 1(0.4) 0.8 (0.2)
foramen
The mean total distance of
apical foramen from the 0.4-0.5 0.3-0.7
anatomical apex
The mean total distance of
apical constriction from the 0.5-0.7 0.6-1

apical foramen

Discussion:

Internal anatomy of the root canal and apex of
maxillary first and second premolars has been
extensively studied by various researchers.
However, their findings have been mostly
controversial (7-9). This variability in results
may be due to the presence of significant
differences in the internal anatomy of the root

canals between different individuals of various
races and ethnicities. Variable classifications of
root canal morphology by researchers, age and
gender of understudy subjects and the
methodology of the study can also play a role in
this respect (10). Anatomy of the root canal
system and apex can be studied using various
techniques such as the laboratory methods i.e.
injection of methylene blue (11), Black India ink
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(10, 12), or Chinese ink (13), metal or plastic
casting (8, 14), in-vitro endodontic access cavity
preparation with the use of radiography and
instrumentation (15, 16), radiopaque gel infusion
and radiography (7) and in-vitro root canal
therapy (17).Tooth clearing technique is an
accurate method with complex laboratory
phases; which was used also by Vertucci et al. in
1984 (10). This technique provides thorough 3D
observation of canals and apical foramen with
the use of dye injection without traumatizing the
tooth structure.

The apical one-third of root canals is a strategic
region in terms of working length determination
and interaction with the surrounding live tissue.
Thus, it can directly affect the healing of
periapical lesions. In this respect, the three
important anatomical landmarks are the apical
constriction, apical foramen and anatomical
apex. Over time with advanced age and
cementum formation at the apex area, apical
foramen is deviated towards various directions.
But, this deviation and apical foramen opening
at the apex cannot be detected radiographically
particularly when this opening occurs at the
buccal or lingual aspects. The distance of apical
constriction from the anatomical apex in
maxillary premolars has reported to be highly
variable from 0.052 to 2.921mm (18-20). The
mean distance of apical constriction from the
anatomical apex has reported to be
approximately 1 mm (range 0.8-1.1) in maxillary
second premolars of an Iranian population (21).
In our study, apical foramen deviation was
evaluated at both mesiodistal and buccolingual
directions. The prevalence of apical foramen
deviation from the anatomical apex was 100%
and more than 83% in single canal and two-
canal maxillary first premolars and 63% and
more than 87% in single-canal and two-canal
maxillary second premolars, respectively. These
results are almost similar to those of Kuttler et
al. in 1955 (22). In our study, in single-canal
maxillary first premolars deviations were mostly

towards the buccal and distal directions. In two-
canal teeth, buccal and palatal canals were
mostly deviated towards mesiolingual and
distolingual directions. In single-canal maxillary
second premolars, apical foramen was mostly
deviated towards the mesiolingual direction. In
two-canal teeth, buccal canal in the majority of
cases was deviated towards the mesiobuccal and
mesiolingual while the palatal canal had
distolingual deviation in most cases. These
findings are different from those of Burch et al.
(1972)(4).

In the present study, the mean distance of apical
foramen from the anatomical apex was 0.4-0.5
and 0.3-0.7mm in the first and second maxillary
premolars, respectively. These rates are not in
accord with the values obtained by other
researchers such as Green (1960)(2 mm range)
(9), Burch (1972)(0.59 mm)(4), Arora
(2009)(0.052-2.91 mm)(20) and  Martos
(2009)(0.69 mm)(23). Differences in this respect
may be attributed to different methodology of
studies and ethnic differences.

Another parameter evaluated in this study was
the mean distance of apical constriction from the
apical foramen in maxillary first and second
premolars which was found to be 0.5-0.7 and
0.6-1 mm, respectively. Kuttler et al. (1955)(22)
reported this distance to be 0.5 to 1.5 mm. They
assessed the entire dentition in their study.
Furthermore, in contrast to our study (using
clearing process), they applied the tooth
sectioning technique (22).

Morphological assessment of root canals
according to Vertucci’s classification (1984)(7)
indicated that the maxillary first premolars had 2
canals in 94% of cases and type IV, type Il and
type | (with 70%, 24% and 6% prevalence rate,
respectively) were the most prevalent canal
types. In  Maxillary second premolars,
prevalence of two-canal teeth was 46% (the
remaining were single-canal) and the most
common canal types were type I, type IV and
type Il (with 54%, 28% and 18% prevalence



rate, respectively) in decreasing order of
frequency. These findings are in agreement with
the results of SadrLahijani et al. (2002)(24) and
Jayasimha Raj et al. (2010)(25) and slightly
different from those of Partovi et al. (2005)(1)
on the morphology of maxillary second
premolars. This difference may be explained by
the geographical location of the study area.

Conclusion:

Within the limitations of this study, we may
conclude that in two-canal maxillary first and
second premolars, apical foramen coincided to
the anatomical apex in less than 17% and 13%
of cases, respectively. In single-canal maxillary
first and second premolars these rates were zero
and 37%, respectively. Also, apical foramen was
located within 0.3-0.7 mm distance from the
anatomical apex and 0.5-1 mm distance from the
apical constriction. High frequency percentage
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of type IV and type Il canals in maxillary first
premolars emphasizes the very high incidence of
two canals in this tooth. Knowledge about these
anatomical variations highlights the need for
high precision during access cavity preparation
to find all canal orifices and accurate preparation
and obturation of canals to the proper length.
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